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ABSTRACT 

> 

00 . 

OO . During long-term observations of the Galactic Centre region in hard X-rays 

. (10-300 keV) in space experiments made on board Prognoz-9 satellite and "Mir" 

O . orbital station (GRIP experiment) some periodic sources were revealed. They 

O ■ include periodicities of hour and day range of period: 152 h, 98 h, 82 h (4U1700- 

^ : 37), 69 h, 62 h, 13.3 h, 9.36 h, 8.03h, 8.15 h (Cen X-4), 4.38 h, 4.35 h (4U1755-33) 

6 

c/3 . of most of the observed periodic sources differ from both sine and purely eclipse 

^ ' form. Among six sources with day ranges of period at least three were identified 



X 



and 3.45 h. For all the observed periodic processes the mean phase profiles (light 
curves) in the different energy ranges were obtained. The mean phase profiles 



with X-ray Novas - black hole candidates: 152 h (H1705-25, Nov.Oph., 1977), 
62 h (GRO J 1655-40, Nov. Sco., 1994), 13.3 h (4U1543-47). The results of 
5^ ; the GRO J 1655-40 and 4U1543-47 observations in the Prognoz-9 and GRIF 

" Mir" experiments were compared with the observational data obtained in space 
observatories CGRO, RXTE, BeppoSax. It should be noted that the orbital 
periodicity is revealed in the hard emission of the X-ray transient - black hole 
candidates GRO J 1655-40 and 4U1543-47 even in the epochs between outbursts. 
Periodic processes with day ranges of periods can be typical for the transient 
source like X-ray Nova - black- hole candidate. Such periodicity is orbital but its 
origin is not connected with eclipses of the compact companion of a binary system. 
Periodic processes in soft and hard X-rays can be associated with orbital motion 
of binary system companions, but the physical mechanisms and the regions of 
generation of soft and hard X-rays can be quite different. 



Subject headings: binaries: close — gamma-rays: observation — X-ray: binaries 
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1. Introduction 

The enigma of black holes is one of the most intriguing problems of modern astrophysics. 
It is well known that black holes (BH) as well as neutron stars (NS) are associated with hard 
X-ray sources, which are characterized by great energy release as the result of accretion. The 
temporal behavior of such sources was always a problem of great interest for high-energy 
astrophysicists. Modern observations are usually made in a wide range of wavelengths from 
radio waves to gamma rays. While optical observations are in some aspects more accurate, 
the observation of X-ray emitting objects in hard radiation allows us to study the processes 
in the region of great energy release. Moreover, the information on temporal features is 
necessary for the exact identification of a hard source. 

Various instabilities in the accretion process lead to the flaring activity of many hard 
X- ray sources. The properties of matter and fields surrounding a compact object determine 
quasi- periodic variations, while the rotation of binary system components produce orbital 
and super- orbital periodic changes in X-ray source luminosity. These factors are signifi- 
cantly different in dependence on characteristic time. The short-term variability is caused, 
particularly by quasi- periodic oscillations (QPO), the properties of which in some cases are 
different for two classes of objects - X-ray binaries with neutron star (NSXB) and with Black 
Hole (BHXB). Only NS can produce QPO with frequency up to 1 kHz (Sunyaev & Revnivt- 
sev 2000). Long-term variabihty of most of BHXB-s is caused by their flaring activity. It is 
known that most of soft X-ray transients (X-ray nova) manifest recurrent flares. The typical 
duration of an X-ray flare is about 50-100 days and the time interval between flares varies 
around 1.5 years. However, a number of X-ray nova flared only once during all the period 
of observations. It is not yet clear, whether there are any soft X-ray transient objects with 
no recurrent flares. The shape of X-ray flares strongly varies from source to source and 
even from one flare to another in the same source. Most of them have standard shape with 
a "fast rise and an exponential decay" but other forms are more complicated with several 
maximums. An outstanding example is the 1994-1997 activity of BHXB GRO J1655-40, 
which demonstrated a large series of quasi-periodic flares, separated from one another by 
several months (Zhang et al. 1994; Tavani et al. 1996; Zhang et al. 1997; Hynes et al. 
1998). 

Variations with minute's, hour's and day's characteristic time scales can occur when 
X-rays are produced or absorbed in some large structures surrounding the compact object 
as well as in the compact object itself. Accretion instabilities or the motion of binary system 
components may cause them. Sometimes they can appear as regular variations of spectra 
or dips observed at the determined orbital phases. The study of such medium-scale tem- 
poral phenomena is of great importance. Monitoring observations are the traditional way 
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of studying temporal phenomena in hard X-rays and soft gamma rays such as periodic pro- 
cesses, outbursts and transients. Periodic variations of the hard emission from some galactic 
sources were discovered long ago. The first observations were made on the UHURU space 
observatory (Giacconi et al. 1971; Forman ct al. 1978), and then studied in details during 
several missions (see for example, (Corbet 1986; Nagase 1989; Predhorsky & Holt 1987) 
and others). Nevertheless, to the present time not so many objects manifesting as periodic 
sources specifically in the hard range of electromagnetic spectrum are known. This is caused 
by some methodical problems, in particular, the necessity of long-term continuous obser- 
vations of each source, which is rather difficult even in the case of monitoring observations 
particularly for long- period processes of the orbital and accretion disk precession type. Ex- 
tensive data on periodicity in hard emissions from galactic sources were obtained during the 
BATSE experiment onboard the Compton Orbital observatory (CGRO) (Robinson et al. 
1997). A study of temporal phenomena in hard X-rays and soft gamma rays was also made 
in the OSSE CGRO experiment (Johnson et al 1993). More or less regular observation of 
the Galactic Centre region (in the limits of lO^xlO'^) were carried out for over 5 years by 
means of the "SIGMA" telescope on-board the "GRANAT" observatory. This experiment 
allowed to detect new sources at energies of about 50-100 keV and to give the notion about 
the temporal properties of these and previously known objects (Goldwurm et al. 1994). 
Currently monitoring observations of high-energy properties of X-ray sources are being con- 
ducted on the BeppoSAX mission (Frontera et al. 1998). The most complete catalogue 
of the orbital periodicities observed in the X-ray range as well as the transient sources was 
obtained as the result of observations during the Rossi XTE (RXTE) mission (Levine 1999; 
Bradt et al. 2000a,b). 

Although a large amount of observational data have been obtained by the present time, 
it seems that the experimental studies of periodicity as well as the other temporal phenomena 
(primarily outbursts) in X-ray sources have not yet exhausted their potential. One of the 
main problems is that not all of the observed periodicities can be unambiguously interpreted. 
In particular, what is the nature of the so-called non-eclipsing periodicities in the orbital 
range of periods? Several sources are known, which manifested periodic variations in the 
X-ray fiux during which the X-ray luminosity does not fall to zero. Such a periodicity (8.2 
h) was discovered in the emission from Gen X-4 during the well-known outburst of 1978, 
May (Kaluzienski et al 1980) observed in the Ariel-5 mission. The dip-type periodicity 
was detected during the EXOSAT observations. It was observed in the X-rays from several 
low-mass binaries including MXB1759-29 (7.1 h), 4U1822-37 (5.6 h), 4U1755-33 (4.4 h), 
X1323-62 (3.8 h), XB1254-69 (2.4 h), etc (Cominski & Wood 1984; Mason et al. 1981; 
White et al. 1984; Parmar et al. 1989; Courvoisier et al. 1986). Although periodic dips 
are not full eclipsing the common view is that all these periodicities are orbital. The 62-h 
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periodicity in hard emission of GRO J1655-40 source also is not full eclipsing. Moreover 
in soft X-rays 62-h periodicity reveals itself as a number of deep drops in the intensity 
occurring between orbital phases 0.7 and 0.9 (Kuulkers et al. 1998). The light curve 
corresponding to this periodicity looks like a dip-type one with minima dislocated from the 
optical occultation. Thus, simple mechanisms such as a total or partial eclipse of the emitting 
hot region by the optical component do not give a complete explanation of the temporal 
behavior of the tight binary system's hard emission. Another problem, which still remain 
is the lack of data concerning the observation of periodic processes in the high-energy part 
of the electromagnetic spectrum. For most of the known tight binaries their orbital period 
values and corresponding light curves were obtained as the result of optical observations. On 
the contrary, only complete data from both optical and high-energy observations can give 
us the necessary possibility, which allows to determine the orbital parameters as well as the 
mass of binary system components. Thus, it seems important to find the manifestation of 
orbital periodicity in hard emission for the larger number of tight binaries. 

Search for periodicity in the emission from objects with great irregular (noisc-typc) fiux 
variations or sporadic flux rises (transients) can also bring us closer to the understanding 
of the nature of such sources. The interest to the latter has increased in connection with 
the observations on the CGRO of the so-called transient pulsars (Finger et al 1996; Zhang 
et al. 1996; Wilson et al. 1997) and sources with periodically recurring transient rises 
in the X-ray flux (Baykal & Ogelman 1993; De Kool & Anzer 1993). Study of tempo- 
ral and spectral properties of sources known as X- ray transients can clarify the nature of 
such objects and give us important information about high energy processes responsible for 
hard emission generation. From this point of view the search for periodic processes in hard 
emission during outbursts of sources known as X-ray novas is of particular interest. Most of 
X-ray binaries - black-hole candidates are just X-ray novas or transient sources (Sunyaev et 
al. 1991; Cherepaschuk 1997; Van Paradijs 1998). Thus the study of temporal behavior of 
such objects can give us independent criteria which permit to identify black holes. For exam- 
ple, identiflcation or, on the contrary, non-identiflcation of pulsation- type periodic process 
during the outburst can clarify the nature of a compact companion, because the presence of 
pulsation excludes the black-hole variant. On the other hand, the spectral information, such 
as the presence of absorption lines at cyclotron frequencies, can also indicate the presence 
of a magnetic neutron star. On the contrary, the presence of an annihilation line is a strong 
indication of a black hole as the compact companion (Sunyaev et al. 1991). To the present 
time the information on transient X-ray sources was obtained primarily during their out- 
bursts (Chen et al. 1997). However, the observations of such sources between outbursts can 
also be rather fruitful. There are some predictions that X-ray fluxes from transient sources 
even in quiescent state are non-zero. In particular, according to (Lasote 2000) the X-ray 
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luminosity of quiescent black hole low-mass X-ray binary transients should be correlated 
with their orbital period. It is very unlikely that X-rays from such systems are emitted by 
coronae of companion stars. More convincing models associate their X-ray luminosity with 
accreting mechanisms, providing the flux generation at the observation level of such missions 
as Chandra or XMM. The measurements by Chandra showed that typical quiescent intensity 
of BH X-ray nova is about 10-6 Crab in 0.5-7 keV energy range. There are some indications 
that quiescent X-ray flux from BH X-ray nova is significantly lower than from NS ones and 
this fact can be caused by the existence of event horizon (Garcia et al. 2000). Thus, the 
observations of X-ray transients in quiescent state can give unique information clarifying the 
nature of such objects. Below we will discuss the results of the search and study of periodic 
processes in hard X- rays from some Galactic sources including the black hole candidates 
during the observations which were carried out on the Prognoz-9 and "Mir" orbital station 
(OS) missions. 

2. MONITOR OBSERVATIONS OF TEMPORAL PHENOMENA DURING 
THE "PROGNOZ-9" MISSION AND "GRIF" EXPERIMENT ON 

BOARD "MIR" STATION 

2.1. The "Prognoz 9" and "Mir" OS GRIF experiments. 

Both, Prognoz-9 and GRIF experiments use wide-field, hard X-ray spectrometers, which 
provide long-term observations of periodic process sources. Although the observational con- 
ditions were specific in the each experiment, the main X-ray instruments as well as the 
technique of the periodic sources revealing were quite similar. The observations of galactic 
sources in hard X-rays (10-200 kcV) were made in 1983-84 during the complex experiment 
on a high-apogee (~ 720000 km) satellite Prognoz-9 with a wide field of view (FOV) (~ 45° 
FWHM) scintillator spectrometer (~ 40cm^ effective area) (Kudryavtsev & Svertilov 1985). 
The X-ray instrument was installed in such a way that the centre of its field of view, averaged 
over the satellite's rotation period (~ 120s), coincided with the spin axis which pointed in 
the solar direction every 5-7 days. According to the experiment conditions sky areas adjacent 
to the echptic plane (±25° - for instrument beam FWHM) were observed and slow {l°/day 
on average) scanning along the ecliptic was made. The count rates for X-ray photons were 
measured over the energy ranges of 10-50, 25-50, 50-100, 100-200 keV. The region of the 
sky that was observed during the experiment is shown in equatorial coordinates in Fig la. 
The points of the sky toward which the satellite's axis was pointed at different times (the 
dates in the figure refer to the origin of the corresponding intervals of constant orientation) 
are also marked in this figure. The main black hole candidates and the Galactic equator 
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are shown. In Fig lb, the count rates (averaged over the intervals of constant orientation) 
in the X- ray channels and in the charge-particle channel are plotted against time. The 
minimum count rates in the band 10-50 keV correspond to the time of observation when 
the Galactic-equator regions were outside the instrument's field of view. During the obser- 
vations from November 1983 to February 1984 of the sky region near the Galactic Centre 
(outlined by the closed solid line in Fig. la), the count rates were considerably higher than 
the background count rates; their maximum occurred in the time interval, during which 
the instrument was pointed nearly at the Galactic Centre region, where the Galactic X-ray 
sources concentration is the highest. Since each source in that region can be observed as long 
as 100 days, while virtually continuous measurements of count rates averaged over 10 s were 
made, the experiment provided favorable conditions for the study of periodic events over a 
wide range of periods. The long-term observations of the Galactic Centre region as well as 
of some other sky regions were also conducted during the GRIF experiment on-board "Mir" 
orbital station (mean altitude ~ 400 km, orbit inclination 51, orbital period ~ 90 min) from 
October, 1995 to June, 1997 (Kudryavtsev et al. 1998a). The scintillation spectrometer 
PX-2 for the energy range A£^^ = 10 — 300 keV of detected photons with the effective area 
S ~ 300sm^, and field of view Q ~ 1 sr was the main instrument for astrophysical obser- 
vations. It consists of 7 identical detector units of the "Prognoz-9" instrument type with 
crossed FOVs. The axes of these detector units were shifted on 5" respectively to each other. 
This allowed us to observe almost the same area of the sky with all detectors simultaneously, 
and on the other hand, in the case of temporal phenomena registration to determine the 
source direction by the output data from each detector. The instrument provides flux mea- 
surements in energy ranges: 10-50, 25-50, 50- 100, 100-200 and 200-300 keV. Information 
was transmitted to the Earth in 16-h-long sessions of continuous observations; the interval 
between them typically ranged from several hours to several days. A total ~ 200 sessions 
were conducted during the experiment, from which ~ 150 without many telemetry failures 
and incorrect times of output data recordings were chosen for subsequent analysis. Due to 
the rigid fastening of the detector units to the station instrument panel its orientation was 
determined by the station orientation mainly in two modes: 3-axes stabilization and orbital. 
In the flrst case the instrument axis had fixed orientation in space while in the second case it 
slowly (~ 4° /min) scanned the sky by the station orbital motion. Thus the different parts of 
the sky including Galactic Centre and Anti-Centre regions were accessible for observations 
during this experiment. 

The sky region observed during the experiment is shown in Fig. 2 in equatorial coordi- 
nates. Different shades of gray represent the exposure time throughout the entire experiment. 
This time corresponds to the points with respective coordinates. When estimating the ex- 
posure time, we assumed the angle between the source direction and the PX-2 axis to be no 
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larger than 30". In addition, we exclude the " Mir" residence time in the regions of trapped 
radiation. As a condition for the source being not shadowed by the Earth, wc considered 
the requirement of PX-2 orientation to the sky, i.e. the angle between the PX-2 axis and 
the nadir-zenith direction (should be within the range 0° — 90°. The figure also shows the 
brightest X-ray sources and the Galactic equator. The typical exposure time can be deter- 
mined using observing conditions for the Galactic Centre. Figure 2 shows a circumference 
with a radius of 30° whose centre coincides with the Galactic Centre. There are sources 
within the region in the sky bounded by this circumference during the observations of which 
the PX-2 effective area accounted for no less than 50% of its geometric area. As we see from 
the figure, the total observing time of the Galactic Centre with > 50% efficiency was ~ 200 
h. The exposure times of other Galactic sources (for example, 4U1700- 37) are similar. 



2.2. The data processing technique 

To reveal the periodic processes the time sets of X-ray instrument outputs were analyzed. 
In the case of the Prognoz 9 experiment such primary outputs were the mean count rates 
for 10 s. In the case of "Mir" GRIP experiment primary outputs were the mean count rates 
for 5 s. The data time sets formed by count rates averaged over longer time intervals (2 
min, 10 min, 1 h) were also considered. These time sets were subject to random and regular 
variations, which produce the background for periodicities. These include rises in the X- 
ray fiux due to solar fiares and cosmic gamma-ray bursts, changes of the background count 
rate in the X-ray channels caused by variations of charged particle fiuxes that bombarded 
the spacecraft, and some others. The counts in X-ray channels can be caused partially by 
the stochastic variations in the total intensity of the emission from the sources, which were 
simultaneously within the instrument's field of view. Both, Prognoz 9 and "Mir" GRIP 
experiments were capable of eliminating the effect of some background factors with the use 
of direct measurements of the individual background components. 

Significant sporadic rises in the count rates in the X-ray channels were mainly attributed 
to hard X-ray bursts from solar fiares and cosmic gamma-ray bursts. Since the latter were 
recorded during the experiments rather rarely (Kudryavtscv & Svertilov 1988a; Kudryavtscv 
et al. 2002), they could not significantly affect the background in the search for periodicities. 
In the Prognoz 9 experiment the Sun was constantly within instrument's field of view, thus its 
X-ray activity was monitored continuously, and about 800 solar X-ray bursts were detected 
(Abrosimov et al. 1988). To identify such bursts the data from the Prognoz 9 RF experiment 
(Valnicek et al. 1979), during which the Sun was continuously monitored in the band 2-10 
keV by an instrument with a small (< 10°) field of view, also we used the data of ground- 
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based optical and radio observations of the Sun (Coffey 1984) . In the search for periodicities 
the time intervals during which the solar bursts were detected were excluded from analysis. 
Since such bursts are rather short-lived, the total duration of the time intervals rejected in 
this way in Prognoz 9 experiment was short, no longer than O.Sregion. During the OS "Mir" 
GRIP experiment solar X-ray bursts were not detected at all because of the low solar activity 
during that time (1995-1997) (Coffey 2003). 

To remove those variations in the Prognoz 9 experiment outputs which correlated with 
the variations of the charged particle fiuxe regression analysis of the count rates in the X-ray 
channels {N^) and in the chargcd-particlc channel (A^^) was used. The relation between the 
count rate in a given X-ray channel and the count rate of charged particles detected by the 
anticoincidence cap can be assumed to be linear. Thus, the initial count rates in the analyzed 
time series can be represented as a superposition of the count rates that characterize the 
photon flux ~ N* under study and the additional count rates due to the charged particles 

N,^N: + aN,. (1) 

The hnear regression coefficients a were determined from the sufficiently long (~ 100 days) 
time series that corresponded to the regions of the sky under consideration. The most 
significant linear regression coefficients were obtained for the channels 50-100 and 100- 200 
keV {a ~ 0.04 photon per particle). The effect of variations in the ffux of charged particles in 
the channels 10-50 and 25-50 keV turned out to be weak. The a coefficient values were used 
to obtain the time series of count rates N* = — aN^ for subsequent analysis. One of the 
main features of the GRIP experiment was the possibility of simultaneously monitoring all the 
principal components of background- producing emissions in the near-Earth space on "Mir" 
station orbits. Thus, the large- volume CsI(Tl) scintillator detectors of NEGA-1 instrument 
independently detected the local gamma-quanta (AE'^ = 0.15 — 50 MeV, 5"^ ~ 250sm^) 
and neutrons (A£'„ > 20 MeV, S'„ ~ 20sm^) produced by the interaction of cosmic rays 
with the spacecraft material and the Earth's atmosphere. The PON-1 electron detector 
(Ai?e = 40—500 kcV) of high sensitivity was used to check the sporadic increases in X-ray flux 
attributable to brcmsstrahlung from precipitating energetic magnctospherc electrons, which 
could simulate astrophysical phenomena (gamma-ray bursts, transients). Due to a large 
geometric factor (P ~ 80sm^sr) it could detect even relatively small electron fluxes outside 
the zones of captured radiation. The PON-2 charged-particle detector (AE'g = 0.04 — 1.5 
MeV, AE'p — 2 — 200 MeV), which was free from saturation in the radiation belts because 
of its small geometric factor (P ~ 0.5sm^sr), was used for background measurements when 
the "Mir" station crossed the South- Atlantic anomaly and spurs of the outer radiation belt. 
Since the relatively large orbital inclination and periodic crossings of the zones of captured 
radiation the PX-2 instrument background count rates underwent variations. However, the 
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combination of active and passive shields greatly reduced the background variations, in 
particular, the latitudinal variations in the main X-ray channels 25-50 and 50-100 keV. To 
extend the sensitivity range of the instrument the latitudinal count rate variations were 
removed using regression analysis of the PX-2 X-ray channel outputs (N^) and the NEGA-1 
gamma-quanta channel outputs (iV^). Since the NEGA-1 detectors were inside the OS "Mir" 
orbital module, they detected mainly the local gamma-emission. The additional count rate in 
a given X-ray channel attributable to the local emission may be assumed to depend linearly 
on the count rate of gamma-quanta detected by NEGA- 1. In this case, the initial count 
rates in the analyzed time series can be represented as a superposition of the X-ray count 
rate proper N*, which characterizes the photon flux under study, and the additional count 
rate aN^ attributable to the local gamma- emission: 

A^^ = N* + aN^. (2) 

The linear regression coefficients were determined over the entire observation interval when 
there were no bright sources of hard emission within the PX-2 field of view. The a coefficient 
values were used to obtain the time series of count rates A^* = — aN^ for the subsequent 
analysis. The suppression of background variations with the use of readings in the 150-500 
keV gamma-quanta channel yielded the most significant result. After applying the regression 
procedure, the residual variations in the X-ray channels attributable to the latitudinal vari- 
ations accounted for no more than ~ 3% of the corresponding means, which is several times 
less than the expected amplitude of the variations attributable to the emission from the most 
intense Galactic source. In the search for periodicities, the time scries of count rates (which 
were cleaned from solar bursts and background variations caused by charged particles) were 
processed by the standard epoch-folding technique (see, e.g. (Terebizh 1992), which was 
modified to accommodate the specific features of the Prognoz 9 and GRIP data. The inter- 
vals of observations were broken up into segments with duration equal to the trial period 
under consideration. The sequences of count rates that corresponded to these segments were 
added together, and an average phase dependence of the count rate was constructed for this 
trial period. The amplitude of the periodicity corresponding to the trial period (the actual 
or randomly simulated one) can be described by the rms deviation (a^) of the numbers Mj 
that constitute the average phase dependence: 

2 i=l /o\ 



Here M is the mean count rate determined from the entire analyzed time series, K — 
where AT is the bin duration of the count rates that constitute the mean phase profile; and 
T is the trial period. If the periodicity related to the period under study contains both a 
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real periodic component (pc) and a noise component, then because of their independence, 
(7^ can be represented as the superposition: 

= <^ic + <^Lise^ (4) 

where (Xp^ and cr'^oise characterize the amphtudes of the corresponding components. In gen- 
eral, the dependence (t^(T) (periodogram) can be represented as the superposition of a noise 
continuum (ideally, a smooth function of T) and discrete peaks of the existing periodicities 
that correspond to the main period and its multiplies. Figure 3a shows an example of the 
periodigram, obtained from the Prognoz 9 data at the fixed bin length of 1 h for the time 
series of count rates in the channel 25-50 keV corresponding to the interval of observations of 
the Galactic Centre region (October 31, 1983 - January 12, 1984). The periodogram clearly 
shows the discrete peaks that belong to the 82 h periodicity: the main period, half-period, 
and its multiplies (82 h is the orbital period of the X-ray binary 4U1700-37, which was 
constantly within the instrument's field of view during the interval of observations). In this 
representation, the continuum in the periodogram is a monotonic, virtually linear increase 
(a trend) in cr'^oise- For a purely harmonic periodicity, the peak in the periodogram has a 
finite FWHM ATsource ~ ^i^ZkaEce -^here Tsource is the period of source, Tmax is the total 

J max 

time of observations. It should be noted that, in real cases, the relative FWHM of the peak 
can be larger (if the periodic signal was recorded during a time interval shorter than the 
duration of the entire period of observations under analysis) and smaller (if the mean phase 
profiles differs markedly in shape from a harmonic profile, for example, has the shape of 
narrow dips). In the absence of additional information, the FWHM of the peak, which is 
determined directly from the periodogram analysis, can serve as the measure of an error in 
the period. In general, the continuum in periodograms is determined by a superposition of 
different (noise) components. One of such noise factors, shot noise {(xlhot)-, is related to the 
finite number of photons with a Poisson distribution recorded per bin. This component in 
the periodogram can be calculated from the mean count rates in the channels; it is linear for 
periodograms with a constant bin length, 

<^lHot{T)^N-\~, (5) 

^ max 

where N is the mean count rate, A is the bin length. Clearly, this component is always 
present in the noise, and the observed continuum can not be lower. The excess over the 
"shot" component in the total noise continuum can be explained by non-periodic variations 
in the fluxes from the observed X-ray sources (Galactic noise) and by variations in the 
instrumental background. For a wide range of periods, the results of data processing by 
the epoch-folding technique are more conveniently presented by plotting the inverse period 
(frequency) along the x-axis and by specifying a linear frequency grid in the calculations. In 
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this case, the FWHM of the peaks corresponding to periodicities with similar shapes is the 
same in the frequency spectrum at any periods. If we plot the parameter ^ [K is the number 
of bins in the trial period) along the y- axis, the frequency continua of noise components 
correspond, to an accuracy of a factor, to those of the power spectrum in a Fourier analysis. 
In particular, the quantities that characterize shot noise are constant at all frequencies (white 
noise). The scatter of points in the real spectrum about the frequency-averaged values of 
^ in the noise segments in the vicinity of the peak under consideration gives the variance 
(To-, which can be used to estimate the significance of the periodicity corresponding to this 
peak (in the case of Prognoz 9 data (7^, values were calculated with the use of points in the 
frequency range ±100 • FWHM relative to the peak; for these intervals, the background 
level between peaks was essentially constant). Since the determining of the mean values of 

2 

^ was performed by averaging over a large number of points in the spectrum, the error of 
the mean itself can be ignored, while the significance of the identification of a periodicity is 
determined by the ratio Uyjo^. A comparative analysis of the data obtained in independent 
observation intervals can provide additional information on the significance of the detected 
periodicities. In particular, the phase profiles that were constructed by individually averaging 
the data corresponding to only "odd" and "even" time segments are independent. Clearly, 
these phase profiles placed one after the other constitute the mean phase dependence that 
corresponds to a doubled period. The correlation between features in the odd and even mean 
phase profiles confirms the significance of the periodicity itself and suggests that the time 
structure of the mean profile is real. Thus, the similarity of the even and odd mean phase 
profiles can be chosen as the additional significance criterion for weak periodocities. The 
correlation coefficient k between the sequences of numbers constituting the even and odd 
profiles is a quantitative parameter that characterizes this similarity. 

3. RESULTS OF OBSERVATIONS IN THE PROGNOZ 9 AND GRIF 

EXPERIMENTS 

3.1. The Prognoz 9 summary catalogue of periodicities 

Using the method described above, all the data that were obtained during the Prognoz 
9 X- ray experiment were analyzed. To select the significant periodicities the condition that 
the amplitude of the peak corresponding to the main period should exceed the mean noise 

2 

value 'g'"" by more than Sa^ was established. Under the condition of a normal (Gaussian) 
distribution of the noise values of ^ about the means, this criterion provides a selection 
probability of a single "random" peak at a 1% level in the search for peiodicities at all 
frequencies and over the entire interval of observations of the Galactic Centre. Apart from 
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the requirement > Scto-, the full significance criterion for a periodicity was supplemented with 
the condition k > 0.5 (for 40 bins in the phase profile). The periodicities were sought in the 
range of periods from 0.5 to 200 h. The result is the number of periodicities in hard {kT > 40 
keV) X-ray sources: 152, 98, 82, 69, 62, 13, 9.4, 8.15, 8.04, 4.38, 4.35. 3.45 h (Kudryavtsev 
et al. 1988b; Kudryavtsev & Svertilov 1992; Kudryavtsev et al. 1998b). 

A list of revealed periodicities and some of their parameters are given in the tabic 1. It 
should be noted that the survey depth (minimum average fiuxes of periodicities identified 
above the background) was slightly different for different regions of the sky and in different 
ranges of periods. The maximum noise level was determined by random variations in the 
total emission from the sources near the Galactic Centre. For this region, the 25-50 keV 
fluxes of periodicities could be recorded starting from levels > 2.5 • IQ'^phot/cw? ■ s, on 
the average, for T = 1 - 30 h and > 5.0 ■ 10~^phot/cm'^ • s for T => 30 h. Although the 
sensitivity in the survey of sky regions that lay far from the Galactic Gentre was higher, the 
revealed periodicities all belong to the Galactic- Gentre region and adjacent regions. This 
is in good agreement with standard spatial distribution of X-ray sources in general (not 
necessarily with periodicities). The values of periods were determined by the maximums of 

2 

the peaks in ^ versus period pcriodogramms. The resolution on revealed periods defined 
by the peak width depends on the ratio of period value and the time corresponding to 
periodicity observation. This resolution changes from ~ 10% (82 h, 98 h, 152 h) to ~ 1% 
(8.0 h). To identify some of these periodicities we used information about period, flux, 
spectrum and location of the possible source. The 82 h period was identified naturally with 
orbital period of the eclipsing binary 4U1700- 37 (Kudryavtsev Sz Svertilov 1991). The 
8.2 h period was discovered by (Kaluzienski et al 1980) in Gen X-4 X-rays during the 
outburst in May 1979. The 8.2 h periodic process was observed in the Prognoz 9 experiment 
during the limited time interval when except for Gen X-4 there were no sources with similar 
periodicities in X-rays in the instrument FOV. Hence, we suppose that this period can 
be connected just with Gen X-4 although we have no information about the brightness of 
Gen X-4 at that time (Kudryavtsev et al. 1995). The 4.35 h periodicity was identified 
in the same way with the equivalent period of dips in 4U1755-33 X-ray fiux (White et al. 
1984). The other periodicities mentioned above were hitherto not observed. The values of 
the effective temperature kT (for thermal bremsstrahlung spectra) were evaluated for each 
periodic process. This parameter characterizes the spectral hardness of the periodic flux 
component (only in the case of eclipsing binary 4U1700-37 it corresponds to the full flux 
spectrum) . 



3.2. Location of the periodic sources observed by Prognoz 9 



Due to the wide field of view of the X-Ray instrument it was impossible to locate 
with sufficient accuracy the sources of periodicities revealed in the Prognoz 9 experiment. 
However, in many cases it was possible to estimate the error box of source location. The 
detector beam was isotropic in azimuth and linearly fell from the peak {9 = 0°) to zero 
{9 — 45°) with increasing offset angle. The instrument's FOV scanned the sky, when the 
satellite moved with the Earth around the Sun. Then for every source in the instrument's 
FOV there were the moments of time, when the source only begun to be seen, when it 
became visible under the favorable conditions (i.e. the angle between direction on the source 
and the instrument's axis was minimal), and at least, when the source left the instrument's 
FOV. Because at the moment of best visibility of the source, its offset angle was minimal, 
the source should be located on the line of a big circle, which is normal to the ecliptic plane 
and contains the point of the ecliptic, in which the instrument's axis was directed in that 
time. The full time of the visibility of the source depends on the minimum offset angle, 
which can be achieved during the scanning. If the source was caught by only the very edge 
of the instrument's FOV, then the time of it visibility was very short. In the opposite case, 
when the source during the scanning arrives near the centre of the instrument's FOV (it was 
the case of the Galactic Centre) and it luminosity was constant, we have the maximum full 
time of it visibility, i.e. about 90 days. It means that, if the source was located near the 
instrument axis trajectory, amplitude of the corresponding peak on the periodogramm should 
not be less than half of its maximum value during a month and a half at least. The objects 
located in such a way, that their offset angle ^ is ~ 30 — 40°, should be visible during more 
than a three weeks at the level of about 1 /4 of maximum intensity at the moment of their 
best visibility. If a periodic process was observed during only one or two intervals during 
which the satellite orientation was constant, it should be supposed that source intensity 
variations were caused not by the changes in the instrument's beam orientation, but due to 
the variability of the source itself. If the source was unknown, it was impossible to determine 
which part of the total ffux, which is detected in the time of the best visibility. However, if we 
assume the constant luminosity of a source, it is possible to evaluate the time of the source 
visibility using information on the intensity of the flux periodic component at different times, 
which should be normalized to the maximum observed intensity. Then, if the observation 
time of the maximum periodic component intensity is known, it is possible to obtain the 
offset angle of the source and, thus to locate it in the sky with an error box much smaller 
than the instrument's FOV. Nevertheless, the size of such error boxes (about 10" — 20") 
makes it very difficult to identify clearly the sources of periodic processes, particularly in 
the case of the regions adjacent to the Galactic Centre, where the number of X-ray objects - 
possible candidates of the sources of observed periodicities is rather high. The identification 
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can be much better in the case, when the source of intensive periodic process is located 
sufficiently far from the Galactic Centre. In such cases even despite a wide error box the 
number of objects - possible candidates for the periodic sources issufficiently small. Thus, 
by location of the sources of observed periodicities, an individual approach was used in every 
case. To make identification better we use not only the data from Prognoz 9 and GRIF 
experiments, but also the data of some other well-known X- and gamma-ray observatories. 
We will discuss further, the indications that the sources of 152 h and 62 h periodicities can be 
identified with X-ray Novas Ophiuchi, 1977 (H1705-25) and Scorpius, 1994 (GRO J 1655-40) 
correspondingly. The 98 and 69 h periodicities were observed during all the time when the 
Galactic Centre was in the instrument's FOV. Thus, we can assume that their sources are 
positioned near the Galactic Centre, but they could not be located with accuracy better than 
FOV. Among the periodic processes with hour range of periods, at least three (13.3, 9.36, 
8.04 h) were observed during the time interval which was sufficiently long to make possible 
the location of their sources. The part of the sky with error boxes for possible sources of 
13.3, 9.36, 8.04 h periodicities is shown in Fig. 4. The regions of the source location were 
obtained for the case of their constant luminosity. The error box edges correspond to a 
70% (Icr) probability of the source location within the box. The sources with luminosity 
sufficient to be observable in the Prognoz 9 experiment are also marked in the Figure. These 
sources include objects from the HEAO-1 A4 catalogue (Levine et al. 1984), whose fiuxes in 
the range 13-80 keV exceeded 2.5 ■ 10~^ phot /crri^s. This value corresponds to the Prognoz 
9 X-ray instrument sensitivity level for the detection of periodic processes. This catalogue 
includes not only steady state sources, but transient pulsars also, because the typical time 
between their outbursts was much less than the time of the experiment. The X-rays novas 
are also shown in Fig. 4. Their location is given according to (Chen et al. 1997). Because 
of the high intensity of X-ray novae outbursts, during which the flux can increase up to 100 
mCrab, they can be observed even in the case of large angular distances from the centre of 
the instrument FOV. Typical duration of the outbursts is about 10-300 days, permitting us 
to assume a quasi- const ant character of their fluxes during observations. As it can be seen 
from Fig. 4 the error boxes for the sources of 13.3 and 9.36 h periodicities are located rather 
far from the Galactic Centre. Below we will discuss the indications on that the source of 13.3 
h periodicity is the X-ray transient - black hole candidate 4U1543-47. The 9.36-h periodic 
process was observed during the time interval including about 70 full periods. The error box 
bounding the location region of the source contains only a few well-known objects. However, 
now we can not give a deflnite identiflcation of the source of this periodicity. In the case 
of the 8.04-h periodicity the source may be associated with many objects located along the 
Galactic Plane. The source of this periodicity was seen in the instrument's FOV during a 
long time, indicating that the object is positioned no further than 20° from the instrument 
axis trajectory ant its luminosity is quasi-constant. If we also take into account the position 
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of the periodic process intensity maximum relatively to the instrument axis trajectory (see 
Fig. 4), we can conclude that the source of 8.04-h periodicity lies in the Galactic bulge. The 
source of 4.38-h periodicity was observed during approximately two weeks (from 28.10.83 
to 10.11.83). This time interval contains more than 70 full periods. The relatively short 
time of this periodic process visibility can be explained by two reasons: either rather high 
variability of its source or the source was visible near the edge of instrument's FOV. If we 
assume quasi- constant intensity of the 4.38-h process, then its source can be located in the 
sky region where well- known sources 4U1439-39, H1409-45 are positioned. The alternative 
is the very bright source of X- ray nova type located in the direction of the source GS1354- 
64 (see Fig.4). The periodic process with 3.45 h period was observed most vividly during 
one interval of the instrument axis constant orientation in the direction of Galactic Centre. 
During the time of the next orientation it was not visible. This indicates that the source of 
this periodicity could be one of the high- variable sources near the Galactic Centre. 



3.3. The mean light curves of the periodic sources observed by Prognoz 9 

The lines in Figure 5 present the mean light curves of long-term periodic sources. The 
mean line curves, which correspond to the periodicities of hour range of periods are shown 
in Figures 6. The mean light curves in different energy ranges are presented on the left 
panels of Figures 5,6. To confirm the reliability of the revealed periodicities themselves and 
to distinguish between the temporal (stochastic) and phase peculiarities (peaks) in the mean 
light curves, we considered besides the mean phase profiles corresponding to the main periods 
the mean phase profiles corresponding to the "double" periods. The latter ones were divided 
into two " halves" . From the first " halves" the " odd" profiles (upper dotted lines on the right 
panels of Figures 5,6) and from the second "halves" - the "even" ones (lower dotted lines on 
the right panels of Figures 5,6) were composed. Thus, we folded separately data for non- 
overlapping time subsets with the same reference point. The similarity of "even" and "odd" 
phase profile forms confirms the reliability of periodic processes. It is necessary to note that 
except for the 82 h light curve all other curves arc not typically eclipsing. Because most 
of the small details for mean light curves can be caused by temporal stochastic variability, 
we can definitely conclude that they correspond to complicated phase structure only if such 
details are present on both "odd" and "even" profiles. Such "repeated" details can be 
seen on light curves corresponding to 8.04 h, 62 h, 82 h and 152 h periodicities. The quasi- 
symmetrical structure of 82 h light curve consisting of the 4 local maximums (at ~ 0.2, ~ 0.3 
and ~ 0.7, ~ 0.8 of the full phase), which can also be seen on non- overlapping observation 
intervals, should be especially noted. Since this light curve was obtained as the result of 
continuous observations of X-ray binary 4U1700-37 during the time interval containing 8 
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fuU orbital cycles, its structure can reflect the peculiarities of compact companion orbital 
motion. The 8.04-h periodic process is characterized by a mean phase profile with two well- 
pronounced peaks. This two-hump structure is confirmed by the profiles in the different 
energy ranges: 10-50, 25-50, 50-100 keV. From this wc can conclude that emission in the 
narrow peak is much harder, indicating the existence of regions with different temperature in 
the source. This is similar to the source of 152-h periodicity (Kudryavtsev et al. 1996). The 
13.3-h periodicity is characterized by the mean phase profile with a deep minimum, which 
width is about 25 — 30% of the period. Near the maximum intensity the light curve can be 
presented as the superposition of a symmetric smooth component and the quasi-periodic fast 
variable component. Fast variability can be seen on both the "odd" , and the "even" profiles. 
However, the sub-harmonic of about 1.8-h at 13-h light curve is not confirmed because it is 
clearly revealed only on the "odd" profile. As it can be seen from Figures 5c, 5d the mean 
phase profiles of 9.36 h and 4.38 h periodicities are quasi-harmonic, while the phase profiles 
of 8.15-h (Cen X-4), 4.35-h (4U1755-33) and 3.45-h periodic processes have a dip-like form. 

3.4. Results of periodic source observations conducted during the GRIF 
experiment on-bocird "Mir" orbital station. 

For the search of periodic processes in the GRIF experimental data time sets of 10- 
min averaged X-ray count rates in various energy ranges (which were cleared of background 
variations attributable to latitudinal variations) were used. To reveal periodicities by the 
epoch-folding technique, these time series were formed for intervals of observation of a par- 
ticular source chosen according to the criteria, which were considered above in the section 
concerning the observational conditions in the GRIF experiment. The epoch-folding tech- 
nique was modified taking into account the peculiarities of the GRIF experimental data, i.e. 
by obtaining a periodogram for each trial period, the average phase profiles broken down 
into 40 independent bins were calculated. For example, at an exposure time of ~ 200 h 
for 10-min averaging of the count rates that constituted the initial time series, there were, 
on average, 30 independent count rates in each bin. The capabilities of the GRIF experi- 
ment to observe periodic processes in galactic sources can be estimated basing on the RX-2 
instrument's background count and exposure time. The typical value of the latter can be 
characterized for example by the total exposure time of the Galactic Gentre, which was about 
200 hours. With the background counts ~ 2.5 • lO'^pulses/cm'^s, 1.2 • 10~^pulses/cm'^s 
in the 25-50 keV and 50-100 keV channels, respectively, it corresponds to the 5a level of 
minimum detected fluxes for a periodic component with period in the ranges of hoius and 
days (> 7 h). In the case of a purely statistical (Poisson) distribution of count rates this 
level is ~ 4 ■ 10~^phot/cm^s in the 25-50 keV range (~ 10 mGrab) and ~ 10~^phot/cm^s 
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in the 50-100 keV range (~ 5 mCrab). Figure 3b shows the periodogram obtained by the 
above technique from the GRIF experimental data for the time series of the count rates in 
the 25-50 keV channel selected for observing intervals in 1995 - 1997. During this time the 
PX-2 instrument axis was oriented to the sky region with the well-known sources of hard 
emission 4U1700-37 and GRO J 1655-40. The condition for choosing these intervals of ob- 
servation was the requirement that offset of the PX-2 axis from the direction of 4U1 700-37 
be no larger than 30 (since the angular positions of 4U1700-37 and GRO J 1655-40 are close 
in the sky, the time series composed for the latter under the same condition for the PX-2 
axis offset virtually coincided with the time series for 4U1700-37). The periodogram exhibits 
distinct discrete peaks that correspond to periods of 62 and 82 h. A number of broad peaks 
corresponding to periods of 24, 48 and 72 h, which are attributable to the diurnal variations 
of the instrumental background in the PX-2 channels, are also seen on the periodogram. 
The significance of the separated peaks is specified by the dispersion which characterizes 
the scatter of points on the noise portions of the continuum near the analyzed peak. The 
noise continuum on the periodogram is determined by a set of various factors, which were 
discussed in previous sections. These include shot noise, attributable to a finite number of 
detected photons with a Poisson distribution, non-periodic variations on the flux from the 
source within PX-2 FOV; and variations in the instrumental background. The amplitudes of 
the peaks marked in Fig. 3b are 5.5(To- (62 h), 8(To- (82 h). If we assume a normal (Gaussian) 
distribution of the noise values of cr^(T), this leads us to conclude that the corresponding 
periodicities are statistically significant (Kudryavtsev et al. 2001). As it was pointed out 
above, the 82- and 62-h periodicities were previously observed in the hard emission during 
the Prognoz 9 experiment. The 82-h period is the orbital period of the eclipsing X-ray 
binary 4U1700-37, which is known from several space experiments: UHURU (Jones et al 
1973), OSO-8 (Dolan et al. 1980), EXOSAT (DoU & Brinkmann 1987), BATSE CGRO 
(Rubin et al. 1996), SIGMA Granat (Sitdikov et al. 1993), and others. The 62-h period 
is equal, within the error limits, to the optical orbital period of the X-ray binary GRO J 
1655-40 (Bailyn et al. 1995), which is known as the X-ray Nova Scorpii 1994 (Zhang et al. 
1994). Below we will discuss in details the indications on that 62-h periodicity can really be 
identified with this object. Basing on the time series of count rates in the PX-2 10-50, 25-50, 
50-100 keV channels, the periodograms for the observing intervals when the PX-2 axis was 
oriented to the Galactic Centre and to the region of H1705-25 (Nova Ophiuchi 1977) location 
were obtained by the epoch-folding technique. As was noted above, during the Prognoz 9 
observations, the 98- and 69-h periodicities were revealed in hard emission from the Galactic 
Centre region. Some indications were obtained by (Kudryavtsev et al. 1996) that 152-h 
periodicity can be identified with HI 705-25 (below we will discuss some details of this iden- 
tification). However, the GRIF periodograms for the above PX-2 orientation revealed no 
significant peaks corresponding to the 98, 69 and 152 h periods. We cannot rule out the 
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possibility that the corresponding exposure time (< 200 h) for the 152-h periodicity is not 
sufficient for more or less rehable separation by the epoch-folding technique. The estimate 
upper limits on the spectral flux densities averaged over the 10-50, 25-50, and 50-100 kcV 
energy ranges, which characterize the intensities of the 69-, 98- and 152-h periodicities, show 
that they cannot exceed the values given in table 2, within la. 

Thus, by comparing the results of the searches for periodic sources during the Prognoz 9 
and GRIF "Mir" experiments, we conclude that among those day-range periodic processes, 
which were detected in 1983 - 1984, the 62-h and 82-h periodicities continued to be observed 
in 1995 - 1997. The fact that 69, 98 and 152 h periodic processes were not observed in 1995 
- 1997 can be explained by the variable nature of hard emission of those sources. As for the 
periodicities with hour range of periods, because of the high indefinites in location of their 
sources and "dangerous" nearness of those periods to the orbital period of the "Mir" station 
(1.5 h) and its harmonics, we do not hope to reveal them in the GRIF experimental data. 

4. IDENTIFICATION WITH R-RAY NOVAES - BLACK HOLE 

CANDIDATES 

4.1. H1705-25 (XN Oph 1977) - the source of 152 h periodicity. 

Basing on all the data on 152 h periodicity obtained in the Prognoz 9 experiment, we 
concluded that it can be identified most probably with H1705-25 (XN Oph 1977) (Kudryavt- 
sev et al. 1996). Since we know there were no other observations of this source in hard 
X-rays in 1983, November - 1984, January, we assume that it could be active at that time. 
The source of 152-h periodicity is the most hard and long-periodic between the bright ob- 
jects observed in Prognoz 9 experiment. The periodic component flux value at the energies 
~ 100 keV is no less than 100 mCrab. Only two objects in the error box of this source 
position can be characterized by such fluxes. They are the X-ray novas of 1977 (H1705-25 
from HEAO 1 A4 catalogue (Cook et al. 1984) and 1993. The curves, which arc presented 
in Fig. 6, confirm that the 152 h periodicity can be associated with Nov Oph 1977. These 
phase dependencies were obtained by means of the epoch-folding technique. Then the SSI 
Ariel 5 initial data (the flux values J in 2-18 kcV energy range were averaged over ~ 1.7 
h time intervals) were normalized by the averaged flux values J', which present only the 
trend-like intensity monotonous decrease during the transient decline phase. The value 167 
h is equal to the 6.7 days period of quasi-periodic component in Nov Oph 1977 2-18 keV 
X-rays, which was suggested by the authors of SSI experiment on the basis of their own 
experiment data analysis. The outstanding similarity of the curves in Figure 6 (especially in 
view of its complicated structure) should be noted. Because the difference of 152(±6) h and 
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167 h period values exceeds the errors, it can be concluded, that during the time between 
both experiments (more than 5 years) a ~ 10% period drift took place. 

4.2. GRO J1655-40 (XN Sco 1994) - the source of 62 h periodicity. 

Due to the triangle-like form of the instrument beam the error box of the observed 
periodic source positions could be determined in some cases using the time of the full visibility 
of the source and the correlation of its amplitude with pointing direction. We have analyzed 

the data on X-ray sources (including X-ray novas) in Scorpius and the nearest constellations. 
As the result of this analysis we have obtained that 62 h periodicity can be identified with 
GRO J1655-40 (XN Sco 1994) - an eclipsing binary with an orbital period of 2.62 days which 
is equal to 62 h in error limits (Kudryavtsev et al. 1998b). 

The CGRO observations revealed the transient source GRO J1655-40 in Scorpius, also 
known as the X-ray nova XN Sco 1994 (Zhang et al. 1994). The orbital period of this system 
was estimated from optical observations to be 2.62 days = 62.9 h (Bailyn et al. 1995), which 
is equal, within the error limits, to the 62-h period observed in 1983 during the Prognoz-9 
mission. The hard X-ray observations of this source also show significant variations in the 
X-ray fiux in which, as was noted by the authors themselves, a quasi-periodicity with a 
similar period can be identified. The Prognoz 9 and GRIP mean hght curves for the 62 h 
period are shown in Pig. 7. The light curve that was obtained by averaging the OSSE CGRO 
observational data for GRO J1655-40 (Kroeger et al. 1996) over the 62-h period is shown in 
Pig. 8. The Prognoz 9 and CGRO light curves were brought in coincidence in phase based 
on the maximum of the correlation coefficient between the 10-50 kcV (Prognoz 9) and 50-100 
kcV (OSSE/CGRO) light curves, which was 0.76 (Kudryavtsev et al. 1998b). The GRIP 
and Prognoz 9 curves were brought into coincidence by the middles of the phases of intensity 
minimums. As it can be seen from the Pigure, the shapes of the all presented light curves do 
not contradict each other. The values of minimum phase duration are almost equal, ~ 10% 
of the period, and the intensities of the 62-h periodicity measured in these three experiments 
can be considered to agree with one another, at least to within an order of magnitude. It is of 
great interest to compare the Prognoz 9 and GRIP observations of the GRO J1655- 40 activity 
with observations made by some other observatories. The activity of this object in its hard 
emission, which has subsequently become known as the X-ray Nova Sco 1994 (Zhang et al. 
1994; Harmon et al. 1995), was apparently first observed during the Prognoz 9 experiment 
in 1983 (Kudryavtsev et al. 1998b). According to the CGRO data, this source was most 
active in the hard energy range from July 1994 through August 1995 (Kroeger et al. 1996; 
Zhang et al. 1997). Subsequently, late in April 1996, an outburst was again detected first in 
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the soft X-ray (2-10 keV) range with the All Sky Monitor (ASM) of the RXTE Observatory 
and, about a month later, in the hard energy range at the Compton Gamma-ray Observatory 
(Hynes et al. 1998). The source continued to be more or less active for at least 16 months 
(Rcmillard et al. 1999), and it was observed by various spacecraft, including RXTE, CGRO, 
BeppoSAX. The BATSE CGRO data suggest that the activity in the source's hard emission 
between outbursts was characterized by fluxes ~ (3 — 5) • 10~^phot/cm^ ■ s in the 20-200 keV 
energy range. The intensity of the 62- h periodicity in the hard emission from GRO J1655-40 
was estimated from the GRIP data for the entire period of observation (1995-1997). The 
obtained value is ~ (4.5 ± 1.85) • 10"^ phot /cm^ ■ s in the 25-200 keV energy range, which 
agrees with the BATSE CGRO upper limit on the total flux, within the error limits. The 
duration of the phase of minimum on the Prognoz 9, GRIF and OSSE CGRO average phase 
profiles for the hard emission is similar (sec Fig. 7). The analysis of the RXTE ASM data, 
which are freely accessible on the RXTE Internet site ^) also indicates the presence of the 
62-h orbital periodicity in the 2-12 keV emission during the 1996-1997 outbursts. The RXTE 
ASM data were processed using the same epoch folding technique as in the processing of 
the Prognoz 9 and "Mir" GRIP data. The RXTE site interface permits to obtain the time 
set of the ASM outputs, which corresponds to one of the observed sources for the chosen 
interval of observations. The ASM data are accessible for observations beginning in 1996 
(TJD 50088-52719). These data contain for each time of observation the source intensity as 
in the full instrument energy range 1.5-12 keV, as in the sub-ranges 1.5-3, 2-5, 5-12 keV. As 
a rule, the presented values of the emission flux were measured during about one 1.5-min 
time interval on each satellite orbit (the orbital period ~ 90 min). The main peculiarity 
of the RXTE ASM output data is the rather short time of an individual observation of a 
source on each sateUite orbit. This permits to consider such measurement as a point-hke on 
the time interval. Thus, to use the standard epoch-folding technique, the processing time 
set was prepared in such a way, that each trial period was divided onto 20 independent 
intervals, i.e. parts of a full phase or bins. Each ASM output was attributed to the phase 
of a given trial period depending of the time of measuring. Then the intensity value was 
attributed to the corresponding bin of the phase curve. For each bin the intensity values 
were summarised and, hence, the mean phase curve were obtained. To estimate the possible 
periodic process amplitude the rms deviation of the values in separate bins from its mean 
arithmetical value (i.e. from the average source intensity) was calculated. Corresponding 
periodograms were obtained for the range of trial periods from the satellite orbital period 
(about 1.5 h) up to several hundreds of hours. The grid of the trial period values uniforme 
in frequency was used. In the case of an outburst the slow varying component of light 
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curve should be subtracted from the primary data set. The data set containing the part 
of the ASM RXTE output data for the time of the outburst activity of GRO J1655-40 in 
1996-1997 was chosen for searches of 62-h orbital periodicity. The time intervals, for which 
the rapid variability of this source was relatively more intensive than the slow-changing 
component, were prepared for the analysis by epoch-folding technique. These time intervals 
are TJD 50138-50198 (before outbursts), TJD 50250-50350, 50500-50580, 50700-52200 (fiat 
intervals of outbursts) and 50700-51000 (after outbursts). The 62.9-h peak intensities on the 
corresponding periodograms are revealed quite significantly up to the level of ~ 6.5(7. They 
are more vivid for the stages of quasi-stable emission of GRO J 1655-40 during outburst: 
the best one is for 50500-50580 interval. The practically simultaneous observations of GRO 
J1655-40 in the GRIP "Mir" and ASM RXTE experiments allow us to make the phase 
attachment of light curves in different energy ranges and to compare the mean light curves. 
Since we know with high accuracy the time of observations it was possible to construct the 
mean light curves obtained in both experiments in one phase. These light curves as well 
as the mean phase profiles obtained from OSSE CGRO and Prognoz 9 data are plotted on 
Fig. 7. As it can be seen from the Figure, the phases of minimum intensity or dip-phases 
practically coincide in the 2-12 keV (ASM RXTE) and 25-50 keV (GRIF) ranges. The 
practically equal time of the dip-phases for these energy ranges should also be noted. This 
fact is of special importance in view that the phase of minimum intensity as soft X-rays as 
hard X-rays and gamma rays does not coincide with the minimum of its optical brightness. 



4.3. 4U1543-47 - the source of 13.3 h periodicity. 

Some indications on that 13.3 h period can be identified with X-ray transient source 
4U1543-47 known as X-ray nova - black hole candidate (Kitamoto et al. 1984; Orosz et 
al. 1998) were obtained as the result of Prognoz 9 data analysis. The orbital period which 
was determined by the displacement of the lines in the optical spectrum of 4U1543-47 is 
equal 26.9 ± 0.2 h, which in the error box limits coincides with the double period of 13.3 h. 
Despite that location accuracy in the Prognoz 9 experiment with wide-field instrument was 
not high (~ 10°), due to that field of the possible location of the source of 13.3-h periodicity 
is rather far from the Galactic Centre the object 4U1543-47 was practically one between the 
other sources of hard emission in the error box. It should be also noted that 3 months before 
the observations on the Prognoz 9 in 1983 the beginning of rather bright outburst in this 
source was detected. Thus we may conclude that it could be active during the observations 
on Prognoz 9. The search of the orbital periodicity in the hard emission of 4U1543-47 was 
also made with the use of ASM RXTE data for time intervals: A) TJD 50088-52440. During 
this time source was in quiescent state. The corresponding time set consists of 20600 bins 
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for more than 6 years of observations. The range of ASM output counts was ±10s~^ that 
was caused, probably, by the background variations. B) TJD 52445-52466 This time interval 
corresponds to the outburst decrease, which was preceded by a fast rise of fiux during about 4 
days. During 21 days the flux was measured 187 times. The count rate of 4U1543-47 emission 
detected by the ASM instrument in the range 1.5-12 keV was changed from 330s^^ to 405^"*^. 
For further analysis by the epoch-folding technique, the quasi- exponential slow component 
was subtracted from the primary time set. To approximate this slow component the method 
of shding linear approximation was used. ) TJD 52510-52719 This time interval corresponds 
to the quiet state after the outburst. There are no significant peaks on the periodograms 
obtained for the quiet state of source (A and C). However, on the periodogram obtained for 
the outburst decrease time interval (B) peaks corresponding to ~ 27 h and ~ 13.5 h periods 
were revealed at the levels ~ 5(7 and ~ 6.5o" respectively. The probability of a random 
imitation of a peak with such amplitude for the temporal resolution corresponding to 5-year 
observations is ~ 2% for 27 h and < 0.01% for 13.5 h. The lack of output data does not 
allow to determine the period with accuracy better than ±2 h, but in theses error limits the 
revealed period 13.3 h coincides with one half of the orbital period known from the optical 
photometry (see panel a in the Fig 8). To analyse the phase curve which is characterised 
the 13.3-h periodicity the ASM RXTE outputs obtained for the outburst decrease state 
were cleared from the slow varying trend and then were presented on the diagram, on which 
measured values of 4U1543-47 X-ray emission were plotted in dependence of corresponding 
part of a phase of 27-h periodicity (see panel b in the Fig 8). We can see the dropped out 
points on the certain part of the full phase on this panel. The points corresponding to the 
lower intensity are grouped near two approximately equal phase ranges. This confirms the 
reality of 13.5-h periodicity in the hard emission of 4U1543-47 and indicates that only 13.5 h 
is the value of the main period in hard emission. The mean light curve of 13.3-h periodicity 
in hard X-rays which was obtained in the Prognoz 9 experiment is also presented in Fig. 8 
(see panel c). 



5. DISCUSSION 

Most of the periodic sources of hard emission, which were observed in Prognoz 9 and 
GRIF " Mir" experiments, are characterized by non-eclipsing mean light curves. An exception 
is the well- known X-ray echpsing binary 4U1700-37. Nevertheless there is no doubt that most 
of these periodicities have an orbital origin. From this point of view, it is of particular interest 

that except 4U1700-37 and 4U1755-33 all identified sources of hour and day periodicity 
(H1705-22, GRO J1655-40, 4U1543- 47, Gen X-4) appear to belong to transient objects. 
Because sources of 98-h and 67-h periodicities were not observed in the GRIF experiment. 
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we can assume that they were not active in 1995-1997, which could be the consequence of 
strong variabihty of their hard emission and, hence, the transient character also. We can also 
see that among the periodic sources with periods in day range there are three X- ray novae 
(Ophiuchis 1977; Scorpius, 1994, 4U1543-47), which are known as black-hole candidates. 
However, there were no direct indications of overall activity of X-ray nova Ophiuchis 1977 
and Scorpius, 1994 as well as 4U1543-47 in 1983-1984. Detection of the above mentioned 
periodicities was made when their activity was not very large. Thus, we can conclude that 
some X- ray transients - black hole candidates between outbursts can be active at the level 
~ 100 mCrab, sufficient to detect their hard emission by sensitive detectors. Moreover, some 
kind of orbital, but non-eclipsing periodicity could be observed in high-energy emission in 
the time of "intermediate" activity of these objects, i.e. such X-ray transients could be 
not quite quiescent between outbursts. It is very likely that this periodicity can be caused 
by features of the accretion disk surrounding the black hole and may be inherent to other 
sources of X-ray transient - black hole candidate. To the present time there were no clear 
observations of the development of an orbital periodicity in hard emission. Our observations 
of non-eclipsing orbital periodicity in hard X-rays from black-hole candidates just when they 
were not outburst-hke active could be connected with some features of the zones of the X- 
ray formation in these objects. This can be discussed in some details using the example of 
GRO J 1655-40. The Prognoz 9 and GRIF "Mir" observations allow to conclude that there 
is a strict periodicity in the hard emission from GRO J 1655-40, which is traceable during 
difference cycles of the source's activity separated by a long time interval (~ 12 years). This 
periodicity is apparently attributable to the orbital motion of the binary's components. The 
energy spectrum of the 62-h periodicity in the emission from GRO J 1655-40 (Kudryavtsev et 
al. 2001) agrees with various spectral measurements of the total hard flux from this source. 
Thus, it is consistent with the model of a two-component spectrum typical of compact 
binaries, black-hole candidates (Shakura & Sunyaev 1973). The observation of the 62- 
h periodicity in the hard emission from GRO J 1655-40 during different epochs suggests 
that even between its X-ray outbursts, the source was not completely quiescent in the hard 
energy range. In particular, it was active between the X-ray outbursts in August 1995 and 
February 1996. This gives some indications that it could be possible to reduce the typical 
recurrence time, which is important for estimating the mean rate mass transfer from the 
binary's optical companion tip to its compact object Mt (Esin et al. 2000) by at least half. 
The GRIF data also suggest, that taking the source's distance of ~ 3.5 kpc (Hjellming & 
Rupen 1995), its luminosity between X-ray outbursts in the periodicity of hard emission 
at energies E > 25 keV is ~ 4 ■ 10^^ erg/s, which is more than three orders of magnitude 
higher than the luminosity that has been believed to be typical of the quiescent state of such 
objects (Esin et al. 2000). 
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The intensity of the periodic component of GRO J1655-40 in soft X-rays obtained from 
ASM RXTE observations increases with the increase of the full intensity. It reaches a 3% 
level of the full flux in the whole range of its values. On the other hand, there are some 
indications on that during the time, when the source brightness decreasing after outbursts, in 
particular, between outbursts of 1996 and 1997 years the periodic component in hard X-rays 
was not low, but on the contrary was becoming more contrast. The results of GRIP "Mir" 
observations indicate that orbital periodicity revealed in the GRO J1655-40 hard emission 
even in the interval between time of its high X-ray activity. In this case the emission of GRO 
J1655-40 in the phase of minimum intensity has not fallen to zero. It should be noted that 
high flux variability during epochs of the source high activity makes it difficult to reveal the 
periodic component with high significance. The source's variability is associated not only 
with periodic variations because the rms deviations of the instrument's outputs in all the 
intervals of observations are several times higher than the amplitude of periodic component, 
which can be revealed only due to averaging over many periods. The BATSE CGRO data 
revealed no manifestations of the periodicity in the hard emission from GRO J 1655-40 (Zhang 
et al. 1996). This could be because the amplitude of the 62-h periodicity in the hard energy 
range weakly depends on the total flux. In this case, the periodicity would show up most 
clearly when the source's activity is relatively low (to all appearances, the Prognoz 9 and 
GRIP "Mir" observations occurred precisely at such epochs). However, during outbursts, 
the total flux can increase by more than an order of magnitude. This severely hampers 
the observation of the periodicity, because it proves to be strongly noised by fluctuations 
in the total flux. Thus, we can conclude, that although the time profiles of mean light 
curves, which characterize the periodic component in GRO J 1655-40 emission are similar in 
soft and hard X-rays, 62-h periodicity manifests quite different behaviour in these energy 
ranges. This could be caused not only by different physical mechanisms of generation of soft 
and hard X-rays in the source, but even by emission of hard and soft X-rays by different 
regions of the accretion disk. This assumption does not contradict the spectral features of 
GRO J1655-40 hard emission, which consists of, at least, two or more components. The soft 
thermal component, which is dominant at energies less than 10 keV and hard non-thermal 
"comptonisation" component, which becomes dominant at higher energies, were revealed 
clearly. It also should be noted that the minimum on the mean phase dependence as in soft 
as in hard X-rays is displaced relatively to the phase zero of the optical light curve. Such non- 
coincidence of optical and X-ray light curves for emission periodic components caused by the 
orbital motion could be typical not only for GRO J1655-40. Por example, we saw before, the 
periodic component of 4U1543-47 emission also demonstrates different behaviour in optical 
and X- ray ranges. The optical light curve gives the orbital period, which is twice larger 
than the period observed in X-rays. The quasi-ellipsoidal form of the star-companion of a 
binary system can explain the non-coincidence of these periods. In any event, the features 
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mentioned above as well as the complicated form of mean light curves of periodic component 
in hard X-rays give no opportunity to explain the observed periodicity in X-ray binaries - 
black-hole candidates using the simple eclipsing geometry in orbital motion of binary system 
companions. It indicates that processes, which provide such periodicity, depend also on the 
accretion disk dynamics, and they may reflect the accretion disk structure non-uniformity. 
Thus, the main conclusions drawn from observations of periodic processes in hard emission 
of X-ray binaries - black-hole candidates, which were made on Prognoz 9 and GRIP "Mir" 
experiments with the use of data of CGRO and RXTE observations are: - periodic processes 
of days range of periods are inherent to the transient source hke a X- ray Nova - black-hole 
candidate; - such periodicity is orbital but its origin is not connected with eclipses of the 
compact companion of a binary system; - periodic processes in soft and hard X-rays are 
associated with orbital motion of binary system companions, but the physical mechanisms 
and the regions of generation of soft and hard X-rays are quite different. 
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Fig. 1. — a. The part of the sky observed in experiment onboard "Prognoz 9" satelhte. 
The instrument's field of view, the points of the sky where the instrument was directed and 
some of the bright x-ray sources and black hole candidates are plotted, b. The mean for the 
periods of nonchanging orientation count rates in x-ray 10-25 keV and 25-50 keV channels 
as well as the count rate of anticoincidence shield ("particles"). 
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Fig. 2. — The part of the sky observed with RX-2 instrument in "GRIF" experiment on- 
board "Mir" orbital station. Brightness corresponds the time of exposition. Bright x-ray 
sources and black hole candidates are placed. The instrument's field of view (on HWHM of 
its diagram) when it is oriented to the Galactic Center is marked as a circle. 
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Fig. 3. — a. The periodogram obtained by analyzing the hourly mean photon count rates in 
the channel 25-50 keV during the observations of the Galactic center region (October 31,1983 
- January 12,1984). The peaks in the periodogram correspond to the 82-h period (the orbital 
period of the X-ray binary 4U 1700-37) and its multiples, b. The periodogram was obtained 
by analyzing the data of "GRIF" experiment (RX-2 instrument) onboard "Mir" station. The 
instrument was oriented to 4U1700-37 and GRO J1655-40 sources with 82-h and 62-h orbital 
periods correspondingly. The wide features in the regions of 24-h multiples are connected 
with day variations of background on "Mir" station orbit. 
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Fig. 4. — The part of the sky in equatorial coordinates with error boxes for the sources of 
8.04, 9.36, 13.3 h periodicities. The empty circles mark the X-ray novaes, the filled circles 
mark the Prognoz-9 instrument's field center in the corresponding time. 
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Fig. 5. — The mean light curves corresponding to the periodic sources observed during 
Prognoz-9 mission: a. 152 h (time of observation 31.10.1983 - 12.01.1984), b. 98 h (08.12.1983 
- 06.01.1984), c. 82 h (08.12.1983 - 06.01.1984), d. 69 h (08.12.1983 - 06.01.1984), e. 62 h 
(13.11.1983 - 20.12.1983), f. 13.33 h (08.12.1983 - 06.01.1984). The curves are presented for 
the energy ranges where the corresponding periodicities are the most contrast. 
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Fig. 6. — The mean light curves corresponding to the periodic sources observed during 
Prognoz-9 mission: a. 9.36 h (time of observation 28.10.1983 - 25.11.1983), b. 8.15 h 
(13.11.1983 - 25.11.1983), c. 8.04 h (08.12.1983 - 12.01.1984), d. 4.38 h (28.10.1983 - 
10.11.1983), e. 4.35 h (20.12.1983 - 27.12.1983), f. 3.45 h (07.12.1983 - 13.12.1983). The 
curves are presented for the energy ranges where the corresponding periodicities are the most 
contrast. 
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Fig. 8. — The mean light curves for the orbital periodicity of GRO J1655-40 obtained from 
the ASM RXTE, GRIP OS "Mir", Prognoz 9 and OSSE CGRO experiments. 
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Fig. 9. — a. Optical light curves of 4U1543-47. b. The dependencies of the intensity of 
4U 1543-47 X-radiation measured by ASM RXTE during the flare in 2002 on 13.47-h and 
26.94-h phase (1/2 of orbital period and orbital one) 
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Table 1. Astrophysical sources of periodic X-ray emission observed during the Prognoz 9 

experiment 



r,h 


kT , keV 












N(T) 


Identification 


152 ±7 


> 40 


31. 


,10. 


1983 - 


12. 


,01. 


,1984 


11.5 


H 1705-25 (Nov Oph 1977) 


98 ±7 


13 


08. 


,12. 


1983 - 


06. 


,01. 


,1984 


7 




82 ±5 


25 


08. 


,12. 


1983 - 


06. 


,01. 


,1984 


8.5 ^ 


4U 1700-37 


69 ±4 


6 


08. 


,12. 


1983 - 


06. 


,01, 


,1984 


10 




62 ±2 


10-20 


13. 


,11. 


1983 - 


20. 


,12, 


,1983 


14 


GRO J 1655-40 (Nov Sco 1994) 


13.33 ±0.13 


25 


08. 


,12. 


1983 - 


06. 


,01, 


,1984 


52 


4U1543-47 


9.36 ±0.07 


10 


28. 


,10. 


1983 - 


25. 


,11, 


,1983 


71 




8.15 ±0.11 


7 


13. 


,11. 


1983 - 


25. 


,11. 


,1983 


35 


Cen X-4 


8.04 ± 0.04 


20-45 


08. 


,12. 


1983 - 


12. 


,01. 


,1984 


104 




4.38 ± 0.03 


11 


28. 


,10. 


1983 - 


10. 


,11. 


,1983 


71 




4.35 ± 0.05 


< 5 


20. 


,12. 


1983 - 


27. 


,12. 


,1983 


33 


4U 1755-33 


3.45 ± 0.04 


5 


07. 


,12. 


,1983 - 


13. 


,12. 


,1983 


42 





^The interval of best visibility 

'^The number of periods in the interval of best visibility 
^Total PS 20 
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Table 2. The upper limits on the intensity of 67, 98, 152 h periodicities as observed in the 

GRIF experiment. 



Period 




25-50 keV 






50-100 keV 






100-200 keV 


67 h 
98 h 
152 h 


< 4.6 • 

< 5.8' 

< 9.1 


■ 10~*^cm~^s" 
• 10~^cm~^s" 


-^keV-^ 
^^keV-^ 
-^keV^ 


< 7.2 • 

< 9.0 • 

< 2.6 • 


10~'^cm~^s~ 
' 10"^cm"^s" 
10~^cm~^s~ 


■^keV-^ 
■^keV-^ 
■^keV^ 


< 2.5 

< 3.1 

< 2.2 


• lQ'^cm~^s-^keV-^ 

■ IQ-^cm^^s-^keV-^ 

■ 10-^cm-2s-iA;ey-i 



